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Abstract 
Adsorption is the main process for wastewater and drinking water treatment. The 
ability of activated carbon as an absorbent was proven by many researchers. 
Agriculture waste can be produced as an activated carbon based on availability, cost, 
and purity.  Physical and chemical activations are the main process in activated 
carbon (AC) development.  Both processes have its own advantage.  Before 
proceeding with the activation process the precursor must be characterized for metal 
element and surface functional group by doing (X-Ray Fluorescence) XRF and 
Fourier transform infrared (FTIR). TGA will determine the exact carbonization 
temperature. Adsorbent pore will be analyzed using BET. Activating agent and 
carbonization temperature gives the main effect for surface area and total pore 
volume of AC. This chapter will review the AC development process and the exact 
characterization method in preparing the AC.    
Keywords— physical activation, chemical activation, activating agent, media 
characterization, precursor 
 
1. Introduction 
 
Activated carbon (AC) is well known for its potential for the filter material to remove hazardous 
components in exhaust gases, as the purification system for drinking water purpose and wastewater 
treatment. Due to the high demand of AC, there is a need to identify new precursors that are cheap, 
accessible and available in an abundant quantity that has the potential for significant economic 
benefits to developing AC [1]. Reviews have documented the replacement of agricultural wastes as 
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inexpensive and effective metal ion adsorbents, for existing commercial AC’s material result in 
relatively higher adsorptive efficiency [2]; [3]; [4].  The adsorptive efficiency of AC refers to capability 
in adsorption process due to AC surface which highly microporous form with both high internal surface 
area and porosity. They also often serve as catalysts and catalyst supports[5]. Several suitable 
agricultural byproducts as AC precursors have been investigated in recent years and continue to 
receive renewed attention. These include honeydew peel [6], cocoa pod husk [7] , cotton stalks [8], 
rice husks [9], Parkia Speciosa (Petai) [10], Camellia oleifera shell [2], reedy grass leaves [11], Areca 
nut waste [12],  almond shell [13], apple waste [14], mango nuts [15],waste tea [16], cherry stones 
[17], grape seed [18], papaya peels [19]. Therefore, the objective of this paper is to review and 
evaluates the production process in preparing the AC through recycling of different types of 
agricultural waste materials via chemical method conventional heating. 
 
2. Production of AC 
 
Pretreatment process for all precursor is required, to remove dirt or any impurities on the surface 
area, in this process, the precursor will be soaked and washed with distilled water and oven dried at 
110
o
C for 24 hours. The dry precursor can then be proceed for AC production. Production of AC 
involves two main method as in Figure 1: Physical activation and Chemical activation. 
In physical activation, there are two steps involved. Firstly, the dried precursor was crushed and 
sieved before carbonized by heating in an inert atmosphere such as flue gas. Dehydration 
and de-volatilization of the carbon occur in this process. For this stage temperatures usually 
do not exceed 800
o
 C. Carbonization reduces the volatile content of the source material to 
fewer than 20%. The second stage is activation stage which enlarges the pore structure, increases 
the internal surface area and makes it more accessible. Then the carbonized product is activated with 
the steam temperature between 800
o
C – 1000
o
C [20]. This activation stage will enlarge the pore 
structure, increases the internal surface area and makes it more accessible.   
Chemical activation involves mixing the raw material with an activating agents such as phosphoric 
acid (H3PO4) [21], potassium carbonate (K2CO3), Zinc chloride (ZnCl2) [21] and nitric acid (HNO3) [22], 
then heat-treatment at moderate temperatures in a one-step process between 500
o
C – 800
o
C. Then 
the AC was washed with hot distilled water at 70
o
C and rinsed several time with distilled water to 
remove residual chemicals from the material to the nearest neutral pH value of (5.0 – 6.0) [23]. 
Chemical activation is usually carried out if the raw material is wood or peat [24]. 
Each process leads to materials with specific properties so that the procedure to be employed has 
always based on the final application the AC. Chemical activation will take place at the lower 
temperature and less time for AC development compared to physical activation process [25]. 
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          Figure 1: Scheme of the process of activated carbon manufacturing [26] 
  
3. AC characterization 
 
Characterization of physicochemical properties has revealed both significant chemical compounds 
and physical behavior of AC and it will describe the effectiveness of AC as an absorbent. X-Ray 
Fluorescence (XRF) an analytical tool for elemental analysis and chemical compound of materials. 
Table 1 shows the element contains in different agricultural waste. Carbon is the main element and it 
is proven that agricultural waste suitable for AC development. It also can predict the adsorbate which 
suits the chemical element of the precursor. 
 
Table 1: XRF for agricultural waste  
Formula 
Agricultural waste 
Cassava peel (%) Banana peel (%) Coconut shell (%) 
Carbon (C) 10 10 10 
Calcium oxide 
(CaO) 
4.6 2.45 1.03 
Potassium oxide 
(K2O) 
3.43 13.70 1.03 
Silicon dioxide 
(SiO2) 
1.73 0.94 - 
Aluminum oxide 
(Al2O3) 
1.11 - - 
Ferrum oxide 
(Fe2O3) 
0.90 - 0.76 
Sulfur trioxide 
(SO3) 
0.55 1.05 - 
Chloride (Cl) 0.50 4.60 0.28 
Magnesium oxide 
(MgO) 
- 0.19 - 
Bromide (Br) - 0.15 - 
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Thermogravimetric analysis (TGA) is commonly used to determine the decomposition reactions of 
materials and weight change against temperature which basically permits quantitative composition 
analysis [8]. From thermal analysis by TGA, it will indicate several stages of temperature drop where 
removal of moisture and gases occur also the final degradation process where it will indicate fixed 
carbon content and suitable carbonization temperature [16]. 
Fourier transform infrared (FTIR) was employed to determine the presence of functional groups in AC. 
The FTIR spectra were used in parallel for the evaluation of the amount and the type of the surface 
functional groups. and it will indicate the involvement of the alcohol, carboxylic, alkanes, amines that 
play the important role to reduce ions [27]. It was established that the amount of surface functional 
groups determined by potentiometric titration positively correlates with the intensity of the peaks of 
hydrophilic functional groups in the FTIR spectra. A comparison between the FTIR spectra before and 
after adsorption process will reveal the various chemical groups and bands in accordance with their 
respective wavenumbers (cm
-1
). Different groups corresponding to the properties of adsorbents 
influenced the adsorptive properties of AC differently [28]. 
The surface characteristics, namely specific surface areas(SBET) m
2
/g and total pore volume cm
3
/g 
and were determined from nitrogen adsorption isotherms [29]. Large surface area and high pore 
volume are widely used in liquid and gas separation, medicine and catalyst while the total surface 
area may support the accessibility of active site with relating to the catalytic activity. Field emission 
scanning electron microscopy (FESEM) equipment observed the changes of pores on top of the 
surface of AC weather well-developed pores are formed or the pores are raptured. According to 
International Union of Pure and Applied Chemistry (IUPAC), the adsorbent pores were classified into 
three groups as in Table 2. 
 
Table 2: Pore classification [11] 
Type of Pore Pore Diameter 
micropore <2nm 
mesopore 2–50 nm 
macropore >50 nm 
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Figure 2 and Figure 3 are SEM images for AC from areca nut and rice husk.  Both pictures revealed 
the adsorbent pores developed.  
 
         
Figure 2: SEM image for AC from Areca nut [12]        Figure 3: SEM image for AC from rice husk [9] 
 
4.  Activated carbon performance 
 
The Iodine number (IN) will reveal the activated carbon performance by measure micropores content 
of the activated carbon and gives the indication of the internal surface area of AC. IN was obtained by 
the adsorption of milligrams of iodine adsorbed from an aqueous solution by 1 gram of activated 
carbon sample.  
Table 3 shows various agro-waste sources as activated carbon and its characterization which can be 
used in the different application. Different acids were used as an activating agent in impregnation 
process with various concentration and ratio. Activating agent in impregnation process will modify 
surface functional groups of ACs precursor. The specific adsorption characteristics of an activated 
carbon strongly depend on the composition of the surface functional groups. Activating agents and AC 
precursors would play different roles in the activation process, leading to different porosity and 
morphology [31]. 
 
Table 3: Performance of activated carbon [2] 
Source Activating 
agent 
Carbonization 
temperature 
(
O
C) 
Surface area  
(BET) m
2
/g 
Total pore 
volume 
cm
3
/g 
Reference 
Rice Husk 
NaOH/KOH 
 
700 - 900 29.6 – 63.4 0.35-0.49 [9] 
Cotton stalk H3PO4 500-800 300-1720 0.15-1.23 [8] 
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Parkia 
Speciosa 
(Petai) 
H3PO4 500-800 190 0.0950 [10] 
Camellia 
Oleifera shell 
H3PO4 450 1608 1.17 [2] 
Grass leaves KOH 800 1100 0.601 [11] 
Areca nut 
waste 
H2SO4 400 367.30 0.016 [12] 
Honey dew 
peel 
H3PO4 470-550 997  [6] 
Cocoa pod 
husk 
K2CO3 
KOH 
ZnCl2 
500-800 780 0.58 [7] 
Almond shell H3PO4 400-600 798- 1408 0.253- 0.4 [13] 
Apple waste H3PO4 110 854 0.13 [14] 
Tea waste ZnCl2 105 118-1141 0.13 – 0.34 [16] 
Grape seeds H3PO4 350-550 1139 0.24 [17] 
Papaya peel HNO3  26.56 0.086 [19] 
 
KOH = Potassium hydroxide, H3PO4 = Phosphoric acid, NaOH = Sodium hydroxide, K2CO3 = 
Potassium carbonate, ZnCl2 = Zinc chloride, HNO3 = Nitric acid 
 
ACs texture characteristics and surface properties depend on the precursor and the method used for 
its preparation [33]. Previous researchers have found that contact time, pH, temperature and metal 
concentration are the factors that will influence the adsorption capability by ACs [34]; [35]; [3]. 
 
5. Conclusion 
 
The results of the numerous studies on the adsorbent efficiency of these agriculture wastes as AC 
demonstrate the ability in wastewater and drinking water treatment. The manipulation of agriculture 
waste material helps to improve up cycling of the waste and providing a potential alternative to 
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activated carbon precursor.  The main advantage of AC is the ability to modify the AC surface to 
change its characteristic and to customize ACs for the particular application. 
The surface area and total pore volume are the main factors in describing. The effectiveness of 
absorption process by AC, to maximize the surface area and total pore volume not only depends on 
the type of precursor but also on the appropriate method for AC development. 
AC characterizations are very important to optimize the condition of the precursor.  Comparison of AC 
characterization should be done as a benchmark to know the AC performance before and after the 
adsorption process. Agriculture wastes are promising alternatives precursor for AC to be used as an 
environment pollution control due to the abundant and availability of it source. 
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